U NDER conditions of ad libitum feeding, performance of swine is determined mainly by the voluntary feed consumption and the adequacy of nutrient levels in the diet. Recent emphasis has been on the establishment of optimum relationships between energy concentration and the levels of other nutrients in the diet. The relationship of source and concentration of dietary energy to level and quality of protein and the effect on voluntary feed intake of pigs has been somewhat neglected.
This study was undertaken to determine the influence of protein level and amino acid ratio on voluntary feed intake of diets of varying caloric density.
Experimental
Experiment 1. A 2X3 factorial design was used to compare the effects of varying levels of protein and added animal fat (yellow grease) on caloric intake and performance of pigs. The protein levels used were 14.8 and 9.0% as calculated from crude protein analysis of the feed ingredients used. The protein level of the diets was adjusted downward from 14.8 to 9.0% by substitution of corn sugar for an equal amount of each protein-containing ingredient. Approximately 64% of the protein was provided by soybean meal in each diet, therefore, the ratio of amino acids was maintained constant in diets of varying total protein. Animal fat (10 or 20%) was substituted for corn sugar in diets in which fat was used. Composition of the diets is listed in table 1.
Thirty-six weanling pigs with an average weight of approximately 14 kg. were allotted randomly from two breeding groups to the six treatments. Hampshire pigs were used in one replication and three-breed crossbred pigs were used in another. An equal number of each sex was represented on each treatment. They were group fed in pens of three pigs each. Feed was provided in self-feeders and water was provided automatically. The pigs were weighed at 2-week intervals and were removed from experiment individually at a weight of approximately 94 kg. so that comparable carcass data could be obtained. The study was conducted during the summer.
Experiment 2. The effect of protein level
and ratio of amino acids from soybean meal and corn on the response of pigs to added fat was studied. Composition of the diets and the experimental plan are presented in table 2. Diets 1 and 2 contained 14% protein and were similar except that 10% of animal fat was substituted for an equal amount of corn sugar in diet 2. Diets 3 and 4 contained 10% protein and animal fat (10%) was also substituted for an equal amount of corn sugar in ration 4. Soybean meal provided approximately 55% and corn 45% of the dietary protein in these four diets. Diet 5 also contained 10% protein but a higher percent of the protein (82 %) was supplied by corn. Animal fat was substituted for corn, and more soybean meal was added to maintain an equal protein level in diet 6.
Forty-eight pigs with an average initial weight of 17 kg. were allotted randomly from two breeding groups to the six treatments with two replications. An equal number of barrows and gilts were represented on each treatment. Four pigs were group fed in each pen. The study was conducted during the winter. Feeding and management were similar to that described for experiment 1. (at the expense of corn sugar) to diets 2, 3, 5 and 6. L-lysine was added at a level of 0.24~c to diets 4, 5 and 6.
Ninety-six, fall-farrowed pigs with an average initial weight of 20 kg. and approximately 56 days of age were allotted randomly to the six treatments. Eight pigs (four Durocs and four crossbreds) were group fed in each of 12 pens making two replications. Either 9 or 10 of the 16 were barrows in each treatment group. The feeding and management system was similar to that used in Experiment 1 and 2, except that the study was of 12 weeks duration. (.01) calories than those fed diets with no added fat. Daily caloric intake was greatly depressed by increasing levels of dietary energy when the protein level was inadequate (9.0%). This is in agreement with reports by Barnes et al. (1959) and Lowrey et al. (1958) . Clawson et al. (1962) Diets 2 and 4 were similar to diets 1 and 3 respectively except that 10% of animal fat was substituted for an equal amount of corn sugar. Diets 2 and 4 contained about 3625 kcal. per kg.
Results and Discussion
bContained--220,000 U.S.P. units each vitamins A and D; 220 I.U. vitamin E; 0.66 gin. riboflavin; 4.4 gin. niacin; 1.76 gin. pantothenic acid; 220 gm. choline; 2.2 rag. vitamin BI~; 2.2 gm. chlortetracycline hydrochloride; 12 gm. manganese; 5.4 gin. zinc; 0.24 gm. iodine; 4.0 gm. iron; 0.4 gin. copper; and 0.04 gm. cobalt, per kg.
" Calculated from values presented by Diggs et al. (1965) In the statistical analysis of daily caloric intake and bodyweight gain, the interaction term for protein levelXfat level was not significant. Average daily gain was significantly (P<.01) depressed by both lowering protein level and by increasing energy level in the diet.
The pigs fed the low-protein diets, in the present study, showed little if any tendency to compensate for low-protein intake by consuming feed in excess of their energy needs. Protein level and caloric density of the diet influenced daily feed intake independently, but in opposite directions.
Level of dietary protein had a significant (P<.05) influence on feed-gain ratio. Less feed was required per unit of gain when the higher protein level was fed. Level of added fat or caloric content of the diet did not influence feed-gain ratio significantly, however, there was a trend toward a lower feed requirement in pigs fed the higher energy diets. Brooks and Thomas (1959) reported that protein needs are constant and independent of energy level when expressed as a percent of the diet. These authors compared protein levels of 14 and 16% in one experiment and 14, 16 and 18% in another with and without the addition of 6 or 8% lard in the two respective experiments. The 14 5 . protein level was adequate for both the basal and high-energy diets. Rate of gain was significantly improved by the added fat at all protein levels in the studies reported by Brooks and Thomas (1959) .
The carcass data from pigs used in Experiment 1 are presented in table 4. Age at slaughter was markedly different but the only carcass trait measured which was significantly influenced by treatment was area of the longissimus dorsi muscle which was significantly (P<.05) reduced in pigs fed the low-protein diets. Dietary fat level did not significantly influence area of 1. dorsi muscle.
Experiment 2. Daily intake of metabolizable energy was not significantly influenced by protein level (10 vs. 14%) as long as dietary protein quality was equalized. This is evident in comparing treatments 1 and 2 with 3 and (1962) . Daily caloric intake was significantly (P<.01) reduced in pigs fed diets containing 10~) protein of low quality (treatments 5 and 6). Daily intake of metabolizable energy was significantly (P<.01) reduced as the caloric density of the diet was increased. This reduction in caloric intake was particularly evident when low-protein diets were fed and was most pronounced when a gross deficiency of essential amino acids existed (diets 5 and 6). Average daily gain was not significantly depressed by reduced protein level alone (treatments 1 and 2 vs. 3 and 4) but was depressed (P<.01) when both level and quality of protein were reduced in treatments 5 and 6. Daily gain was also significantly (P<.05) reduced by the increased caloric density which resulted from adding animal fat to the 10% protein diets during the first 8 weeks of the experiment. This was not true for the entire experiment. There is an indication that as the needs for the essential amino acids become less critical after the first 56 days, the pigs consumed more feed and gained at a more rapid rate.
Feed efficiency was not influenced by protein level but was significantly reduced by amino acid imbalance. This was true both in the comparisons of treatments 1 and 2 with 5 and 6, or treatments 3 and 4 with 5 and 6. The feed required per unit of gain was significantly improved by the increase in caloric density from added fat.
Experiment 3. This study was conducted to identify the factor(s), causing the depression in feed intake and performance when animal fat was added to low-protein diets in Experiments 1 and 2. The effect of amino acid balance was studied. The results are presented in table 6. Daily caloric intake and rate of gain were significantly (P<.01) reduced by the addition of animal fat to the diets in which soybean meal supplied 25% of the dietary protein (treatments 1 and 4 vs. 2 and 5) and were significantly (P<.01) increased in pigs fed diets in which 50%, of the dietary protein was supplied by soybean meal (treatments 2 and 5 vs. 3 and 6). The addition of lysine (0.24%) did not influence caloric intake or daily gain significantly. Daily gain was significantly improved by the addition of animal fat when amino acid levels were adequate or nearly adequate (treatments 3 and 6 vs. 1 and 4).
Feed-gain ratio was significantly (P<.01) improved by the addition of animal fat, by improving the amino acid balance and also by the adidtion of lysine to the diets. The factor causing the depression in rate of gain which occurs when animal fat is added to low-protein diets for young growing pigs may be an imbalance between caloric density and specific amino acid levels and is probably mediated through an effect on caloric intake. Donaldson et al. (1956) have cited evidence that chick growth, calorie and protein utilization, and carcass composition are all influenced by the protein-calorie ratio of the diet. In an extensive study of the effects of protein-calorie ratio and level of dietary fat on calorie and protein utilization, Yoshida et al. (1957) observed that 3-week gains of growing rats were directly proportional to the total caloric intake regardless of the fat or protein content of the diet. This observation directs attention back to the importance of caloric intake. In the study reported by Yoshida et al. (1957) , the average amounts of diet consumed increased as the protein-calorie ratio increased. When protein-calorie ratio was held constant the amounts of diet consumed decreased when dietary fat level was increased as was also observed in the present study (Experiment 2, treatments 3 vs. 4 and 5 vs. 6). The reason for the apparently different response to added fat on caloric intake in Experiments 1 and 3 can be explanied by the statement of Yoshida et al. (1957) as follows: "If the level of fat in a diet is increased while the level of protein is kept constant, the protein per calorie consumed will be decreased and the protein intake will be reduced." Eight pigs per treatment, initial weight about 17 kg. b Protein quality was equalized in treatments, 1, 2, 3, 4 and a lower quality protein was used in treatments 5 and 6. c Treatments 1 and 2 significantly different (P~.01) than 5 and 6 for the first 56 days and fur the entire trial. Treatments 3 and 4 significantly different (P~.05) than 5 and 6 for the first 56 days and (P~.01) for the entire trial. Differences resulting from dietary fat levels significant (P~.01) for the first 56 days and for the entire trial. dTreatments 1 and 2 and 3 and 4 significantly different (P~.01) than 5 and 6, for the first 56 days and fo~ the entire trial. Treatments t and 2 significantly different (P~.05) than 3 and 4 for the first 56 days only. Treatments 1, 3 and 5 significantly different (P~.05) than 2, 4 and 6 for the first 56 days only.
e Treatments 1 and 2 significantly different (P~.01) than 5 and 6 for the first 56 days and for the entire trial. Treatments 3 and 4 significantly different (P~.01) than 5 and 6 for the first 56 days and for the entire trial. Differences resulting from dietary fat levels significant (P~.05) for the entire trial only. b Soybean meal provided 25% and corn 75% of the protein in treatments 1, 2, 4 and 5 whereas, soybean meal and corn each provided 50% of the dietary protein in treatments 3 and 6. All diets contained 10% protein.
e Treatments 1 and 4 significantly different (P(.01) than 2 and 5, and treatments 2 and 5 significantly different (P(.01) than 3 and 6. aTreatments 1 and 4 significantly different (P(.01) than either 2 and 5 or 3 and 6 and treatments 2 and 5 significantly different (P(.01) than 3 and 6.
e Lysine levels in all comparisons made (see footnote d) were significant (P(.01).
Nearly constant caloric intake per unit of bodyweight, regardless of the caloric density of the diet has been noted for several species when nutritionally adequate diets are fed (Cowgill, 1928 in dogs; Bosshardt and Barnes, 1946 in rats and mice; Hegsted and Hoffenreffer, 1949 in rats; Dansky, 1950, 1954; Hill, 1951 and Peterson et al., 1954 in chicks; Sellers et al., 1954 , and Sibbald et al., 1956 in rats and Clawson et al., 1962 . Bosshardt and Barnes (1946) reported that there was a maximal caloric intake per unit body size and that this high intake was obtained at the level of dietary protein that maintained maximal nitrogen retention. At levels of protein in the diet on either side of maximal protein utilization, caloric intake decreased. If protein is limiting, an increase in the level of dietary fat will depress feed intake and growth as was observed in Experiments 1 and 2. The dietary protein level at which added fat will cause a depression in feed intake will vary with the nutritive value of the protein as shown in Experiment 3. This is in agreement with the observations of Sellers et al. (I954) on rats and of Donaldson et al. (1956) and Hill and Dansky (1950) on chicks. In contrast, if the dietary protein-calorie ratio is kept constant, caloric intake is not reduced when the fat content of the diet is increased as has been shown previously (Clawson et al. I962) . Rosenthal and Allison (1956) have suggested that there may be an optimum caloric intake for each level of dietary protein.
Summary
A total of 180 weanling pigs were used in three experiments to determine the influence of protein level and ratio of protein from corn and soybean meal on voluntary feed intake of diets of varying caloric density. Animal fat (yellow grease) was used to vary dietary caloric density. Protein level and caloric density of the diet each influenced daily feed intake independently. Daily caloric intake was greatly depressed by increasing levels of dietary calories when protein level was inadequate and was even more depressed when the diet contained an amino acid imbalance. Daily feed intake was not significantly influenced by protein level as long as amino acid balance was adequate. The depression in caloric intake resulting from increasing caloric density was not evident when low-protein diets containing high quality protein was fed.
